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INTRODUCTION 
The fundamental objective of this phytosociological inves­
tigation is centered on the description and interpretation of the 
environmental/forest comiminity interrelationships in the Douglas-
fir zone in Pattee Canyon located southeast of Missoula in western 
Montana, Although the communities foming the Douglas-fir zone 
have been extensively logged, there is little information avail­
able on the basic ecology of this forest type in the area. This 
investigation has provided information on these forest communities 
and has correlated this inforraation with environmental factors that 
are seemingly important in determining forest distribution patterns 
in Pattee Canyon» 
The elevational range of Douglas-fir (Pseudotsuga menziesii 
var. glauca [MirbJ Franco) in western Montana ranges from 2,000 
to 9>000 feet; more specifically, the Douglas-fir zone in Pattee 
Canyon lies principally between 4,000 and 5»000 feet„ Within this 
elevational zone, the three trees fimctioning as serai species are 
ponderosa pine (Pinus ponderosa Dougl.), western larch (Larix 
occidentalis Nutt,)» and lodgepole pine (Pinus contorta Dougl, 
var. latifolia Engelo)« Because of a long history of fire and 
extensive logging in Missoula area, most of this area is presently 
vegetated by serai forest communities composed of numerous combi­
nations of Douglas-fir, ponderosa pine and western larch. Old-aged 
climax communities are a rare occurrence due to past and recent 
disturbance« 
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In this investigation a wide variety of forest communities 
occupying a wide range of habitats were sought out and subjected 
to detailed quantitative sampling. Site characteristics such as 
elevation, exposure, degree of slope, disturbances^-fire and 
cutting, minor topographic features and soil features were measured 
and noted for each stand. Interpretation of community and site 
data employs the multidimensional ordination method described by 
Bray and Curtis (1957) and Beals (1960). 
REVIEW OF THE LITERATURE 
A number of papers have been written on the forest vegetation 
zones of the Rocky Mountains. Daubenmire (19^3) outlined and de­
scribed in detail six major zones: (1) Alpine tundra zone, 
(2) Englemann spruce-subalpine fir zone, (3) Douglas-fir zone, 
(4) Ponderosa pine zone, (5) Juniper-piJion zone, and (6) Oak-
motmtain mahogany zone. In a later paper (19^) he divided the 
Northern Intennountain Region into ten vegetation zones. The 
level plains and plateaus, covered with grassland and desert for­
mations and surrounding the bases of mountains, are contiguous with 
the lower timberline of the Rocky Mountain coniferous forests. 
This forest cover is composed of five zones, even though the entire 
series on any slope is a rare occxirrence. Although generally poor­
ly represented in the northern Rockies, the first coniferous forest 
zone above the grasslands is the Juniper-pinon zone. 
With increasing elevation and moisture in the Rockies, Pinus 
ponderosa. or one of its varieties, becomes the characteristic tree 
in the next coniferous zone. More specifically, only within the 
region of the northern Rockies and west of the Continental Divide, 
does Pinus ponderosa dominate with no other coniferous trees pres­
ent. The Tinderstory varies from numerous deciduous shrubs, the 
most conspicuous being Physocarpus mlvaceus (Greene) Kuntze, to a 
variety of prairie grasses. Toward this zone's lower limit a 
savanna-like distribution of trees develops with an understory 
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dcaninated by perennial grasses. 
Positioned above the Ponderosa pine zone, the Douglas-fir zone 
has Pseudotsuga menziesii var, glauca as the climax dominant al­
though Grand fir (Abies grandis Lindl.) may occur alcmg with the 
Douglas-fir in the northern Rockies, Important serai tree species 
in this zone occtirring after fire are the following! ponderosa 
pine, occxirring in the lower area of this zonej western larch, 
lodgepole pine, and aspen (Populus tremuloides Michx,), with the 
latter three occurring at higher elevations or more mesic sites. 
Pinus monticola Dougl., is a rare serai species in this zone. 
Daubenmire (1952) subdivided the Pseudotsuga zone in eastern 
Washington and northern Idaho into three associations distinguished 
by combinations of the dominant tree Pseudotsuga menziesii var. glau­
ca with three understory \inions consisting of characteristic shrubs 
and herbs. The three undergrowth unions, Physocarpus malvaceus. 
Symphoricarpos albus and Calamagrostis rubescens, are incorporated 
into the following three associations of the Pseudotsuga zone: 
(1) Pseudotsuga menziesii/Physocarpus malvaceus association, 
(2) Pseudotsuga menziesii/Symphoricarpos albus association, and 
(3) Pseudotsuga menziesii/Calamagrostis rubescens association. 
A detailed description of these three Douglas-fir associations, to­
gether with their companion understory unions, is given below. 
1. Pseudotsuga/Physocarpus ass ociation t 
This association, described by Daubenmire in considerable 
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detail has two rmderstory unions always present, the Physocarpus 
union dominating the \indergrowth and the Symphoricarpos union# It 
is probable that the Physocarpus name was used in this association 
because Physocarpus shrubs are superior in physiognomy—greater 
stature, coverage, height, and dominance—than the Symphoricarpos 
xinion shrubs. 
Serai tree species within this association include the foUow-
Pinus ponderosa. with the widest distribution} Larijc occi-
dentalis. Pinus contorta var. latifolia and Populus tremnloides, 
also ccaaomon serai species; and Pinus monticola, a serai species of 
rare occurrence. 
The two understory tinions, the Physocarpus Tinion and Symphor­
icarpos union, occurring within this association, deserve addition­
al discussion, 
Physocarpus union; This union consists of both shrubs and 
herbs. In the shinab stratum some of the tall species include 
Physocarpus malvaceus. Amelanchier alnifolia Nutt,, and Crataegus 
douglasii Lindl, Occurring with these shrubs are a number of 
common herbs, viz,, Erythronium grandiflorum Pursh, Trillium peti-
olatum Pursh, Fragaria cunneifolia Nutt,, Fragaria bracteata 
Heller, and Hydrophyllum capitatum Dougl, 
Although Physocarpus is generally dominant in the Physocarpus 
union, on rare occasions it may, according to Daubenmire, be 
locally absent. Nevertheless, other alternative shmb species of 
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the tinion are present and along with the shrub-physiognomy, it 
still remains a Physocarpus union as taxonomic homogeneity is not 
essential to Daubenmire's concept of the union. 
Symphoricarpos unions In describing the Symphoricarpos union, 
Daubenmire stated it consists primarily of deciduous shrubs. The 
principal shrubs listed in his 1952 paper are Symphoricarpos albus 
(Lo) Blake, Rosa spaldingii Crepin, Rosa ultramontana (Wats.) 
Heller, Spiraea betulifolia Pall., and Prunus virginiana L. var. 
melanocarpa (A. Nels,) Sargo Occupying the canopy openings of the 
shrubs are these prominent herbs: Berberis repens Lindl,, Galium 
boreale L., Galium aparine L., Galium aparine L. var. vaillantii 
(DC.) Koch, and Perideridla gairdneri (H. & A.) Math, 
2, Pseudotsuga/Symphoricarpos association; 
The Pseudotsuga/Symphoricarpos association consists of only 
one tmion, the Symphoricarpos albus union, and exists only east of 
the Continental Divide. This association, only briefly discussed 
by Daubenmire (1952), is dominated by Symphoricarpos albus although 
Arctostaphylos uva-tirsi (L.) Spreng and Shepherdia canadensis (L.) 
Nutt, occur frequently, 
3. Pseudotsuga/Calamagrostis rubescens association; 
In brief discussion of -the Pseudotsuga menziesii/Calamagrostis 
rubescens association, Daubenmire stated that Douglas-fir is the 
only climax tree, and Calamagrostis rubescens occurs as the 
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dcaninant understory species with Arctostaphylos uva-ursi usually 
present. This association occurs in the middle part of the eleva= 
tional range of the Douglas-fir zone, 
Calamagrostis rubescens and Arctostaphylos uva-ursi also occur 
as serai species on other habitat types following fire, especially 
where there has been repeated burning. The serai trees in this 
association include Pinus ponderosa, Pinus contorta var, lati-
folia, and Larix occldentalis. 
Tisdale and McLean (1957)» working in the Pseudotsuga zone of 
the southern interior of British Columbia, have characterized the 
Pseudotsuga/Calamagrostis association recognized by Daubenmire 
(1952), This association, representing the climax vegetation in 
the area which includes species cited by Daubenmire as well as 
additional species cited by Tisdale and McLean, is composed of a 
shrub cover having relatively sparse coverage and a herbaceous 
stratum. 
The shrub cover is primarily dominated by Rosa gymnocarpa 
Nutt,, Spiraea betulifolia followed by Shepherdia canadensis and 
Amelanchier alnifolia Nutt. The important plants encountered in 
the herbaceous layer were headed by Calamagrostis rubescens with 
100 percent frequency. Following with lower frequency values are 
Lathyrus ochroleucus Hook» Fragaria glauca S, Wats,, Linnaea bor­
eal is Lo var, americana (Forbes) Rehder, Arnica cordifolia Hook,, 
Arctostaphylos uva-ursi and Carex richardsonii R, Br, 
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Within this association two serai communities are cited; 
Pinus contorta/Calamagrostis rubescens, the principal community; 
and a second serai community, Populus tremuloides/Calamagrostis 
rubescens. 
Daubenmire (I966) has discussed conifer distribution in east­
ern Washington and northern Idaho in relation to relative moisture 
and elevational gradients. Along these gradients, he presents the 
relative lower and upper limits of the important climax and serai 
trees. Pinus ponderosa, the most drought-resistant tree, occurs at 
lower timberline and occupies the lowest elevation and the warm + 
dry extreme of Daubenmire's climatic gradient. With increasing 
elevation and cooler conditions, Douglas-fir is the next tree en­
countered, followed by western larch and then lodgepole pine. He 
attempts to demonstrate by population structure, that along the 
climatic gradient one tree species is superior to all others al­
though this superiority shifts from one species to another. 
He stated that a tree which is climax in one habitat generally 
behaves as a serai species in contiguous habitats; therefore, in 
disturbed stands there exists unstable combinations of species 
which will develop into pure stands if no further disturbance oc­
curs, Along the lower timberline belt, Pinus ponderosa attains the 
stature of climax dominant due to a lack of competition from any 
other tree. As the environment becomes more moist and cool, 
Pseudotsuga becomes the climax dominant, and Pinus ponderosa occurs 
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as a serai species on logged or burned sites eventually being 
succeeded by Pseudotsuga if the sere is not dist\irbed again. 
DESCRIPTION OF THE STUDY AREA. 
Locationi Physiographically, the Continental Divide in Montana 
separates the Rocky Mountains into an east and a west slope as it 
also divides the state into what is known as eastern and western 
Montana 0 This physiographic division is the main cause of marked 
differences in temperattire and precipitation on the two slopes«. As 
a result of these climatic differences, the vegetation on the east 
and west slopes is characteristically different. 
Western Montana, situated on the west slope, lies in the 
northern Rockies. The southern boundary of the northern Rockies is 
an east-west line which generally coincides with the center of 
Wyoming, whereas the northern boundary of this area is roughly in 
the center of British Columbia and Alberta (Daubenmire 19^3)• 
These north-south boundaries of the northern Rockies are determined 
by conspicuous differences in the flora. 
Within the northern Rockies lies the Sapphire Mountain range; 
the northern-most extension of this range is situated just east of 
Missoula, Montana. The Pattee Canyon study area is located in the 
northern limits of the Sapphire Mountain range just southeast of 
Missoula (Fig. 1). This canyon, extending generally in an east to 
west direction for approximately k miles, is bordered on the north 
by University Mountain and on the south by Mitten Moxmtain which 
forms a ridge. Both of these mountains are oriented in an east-west 
direction. University Mountain rises to a maximxim height of 
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Figure 1, Map of the Pattee Canyon-=Deer Creek Areao 
The bold nmerals represent th© site locations a 
The light numerals represent the section numbers# 
6Zo3 Mounl«in 
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51,801 feet and Mitten Moiintain reaches slightly over 6,100 feet„ 
The width of Pattee canyon ̂ from crest to crest of the two motm= 
tains, is about 3^ mileso The area is drained by Pattee Creek 
flowing to the west to the Bitterroot River, whereas Deer Creek 
flows north into the Clark's Fork River; the Pattee Canyon Pic-= 
nic Area forms a divide separating these two drainages. The 
upper reaches of Pattee Creek are generally dry except during the 
spring thaw; Deer Creek flows throughout the stimmero 
Geology; The geological history of the Montana Rockies be­
gins with a period of mountain building which occurred during the 
Precambrian long before the strata of the Belt Series was laid 
down (Perry 1962), This Precambrian complex formed when thick 
sediments laid down in an island sea or ocean were transformed into 
shales0 sandstones and limestones. These sediments or strata were 
subsequently altered and compressed ioito schist, quartzite and 
marble respectively, thus, giving evidence to a time of intensive 
mountain building o These Precambrian motintains were in time eroded 
to almost a level plain with the only available evidence of their 
existence being the nearly vertical beds of schist and gneiss. 
Across the upturned vertical beds of schist and gneiss, the 
sea flowed inland, and into this sea were deposited the muds and 
sands and limy oozes constituting the strata of the Precambrian 
Belt Series (Perry 1962), These sediments, laid down in the late 
Precambrian some 600 million years ago, are two to eight miles in 
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thickness and are known today as the Belt Series, This strata of 
rocks which were once sandstone and shale are now consolidated into 
qiiartzite and argillite respectively. Geologic alteration, however,, 
has not progressed to the point of turning them into schist and 
gneiss. Nearly all portions of Montana west of Glacier Park and 
Druimnond are underlain by the quartzites and argillites of the Belt 
Series. The only exceptions are the small areas of Paleozoic rocks 
and valley-fill. Mountain ranges such as the Missions and Sapphires 
are entirely composed of the Belt Series. 
Throughout the Paleozoic and Mesozoic the sea intermittently 
advanced and withdrew many times over various areas of the Montana 
region? the last great marine invasion occurred in the late Cre­
taceous. The Rocky Koxmtains, the only moxmtains in Montana since 
the Precambrian complex^ began to rise at the end of the Cretaceous 
Period, some 70 million years ago, and have been subjected to at 
least two successive stages of mountain building. 
The "First" or ancestral Rocky Mountains, were formed by com­
pressive forces causing folding and faulting of the strata from the 
very late Cretaceous to the earliest Tertiary Period, a building 
time of 10 to 20 million years. With the subsiding of the compres-
sional forces the ancestral mountains were eroded to almost a 
level plain. 
The "Second" or modern Rockies were formed primarily in the 
middle Tertiary (40 million years ago), but considerable mountain 
formation continued into the late Tertiary (Pliocene Epoch—-lO 
million years ago) with some movement possibly occurring even in 
the Pleistocene only one million years agOo These modern Rocky 
Mountains were formed primarily by vertical uplifting forces (block 
faulting) wherein large earth segments, following a break (fault) 
in the earth's crustj were uplifted along slippage planes to heights 
thousands of feet higher than adjacent earth segments. As a result 
of these large earth segments being shifted almost vertically up­
ward or downward, large level valleys, some 5-20 miles wide and 
25-75 miles long, usually developed between the uplifted mountain 
ridges0 Because of these block movements, ^0 or more individual 
mountain ranges developed with most of them lying parallel and 
oriented generally in a north-south direction. This constitutes 
the predominant pattern of mountains in western Montana as they ex­
ist today. 
The Bitterroot valley is called by McMurtrey £t aJ^. (1959) a 
structural trough (valley) resulting from two fa\ilts, one on the 
east side of the valley at the base of the Sapphire Mountains, the 
other fault on the west side of the valley at the base of the 
Bitterroot Mountains, The valley block was depressed between the 
two block faxilted motintains flanking it on either side. 
Glaciation % During the Pleistocene the two types of glacia-
tion which occurred in the northern Rockies of Montana, were con­
tinental and mountain glacierso Mountain glaciation in the Sapphire 
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Range was confined to a very small areao Alden®s (1953) topographic 
map shows that a glacier occupied the valleys of Stony Creek's upper 
branches with the rest of the Sapphire Moiintains including Pattee 
Canyon remaining unglaciatedo 
The continental ice sheets penetrated Montanao The Keewatin 
ice sheet, which originated near Winnipegs penetrated the state 
east of the Continental Divide? the Cordilleran ice sheet which 
gathered near British Columbia reached into the Rockies west of the 
Divide. A lobe of the Cordilleran ice sheet penetrated southward 
into the Purcell Trench (valley) of northern Idaho and dammed the 
Clark Fork River near the Idaho-Montana state lines consequently, 
the Clark Fork River backed up 200 miles creating Glacial Lake 
Missotilao Beach lines on Mount Jumbo and University Mountain ad­
jacent to Missoula indicate the lake's greatest depth at this 
point was about 1,000 feet above the valley or about if,200 feet in 
alevationo According to Alden's (1953) topographic map, the approx­
imate upper shore line of Glacial Lake Missoula extended into 
Pattee Canyon coinciding with Pattee Creek, continued through the 
Deer Creek area, and exited just south of Bonner leaving Univer­
sity Mountain an island„ 
Topography; At a given altitude topography is probably the 
most complex local factor influencing the environmental variables 
of temperature;, precipitation„ cold air drainage, water-balance, 
and radiation, which in turn influence the distribution of plants. 
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If all other variables are equal in the north hemisphere, the west-
facing slopes are hotter than the east-facing slopes in summer 
since the sun's rays irradiate the west slope during the warmest 
time of day, whereas the east slope receives its most intense 
solar radiation before the maximum temperature is reached. When 
the warm, dry summer approaches, the north-facing slopes have con­
siderably greater amounts of moisture, a shorter growing season and 
less dessication. In relating exposxxre to slope inclination, Alter 
(1912) stated that, if other variables are equal, "a 5 degree slope 
to the north would find its equivalent solar climate 350 miles fur­
ther norths" consequently, the degree of slope plays a critical 
role in the mountain environment. 
Further complicating the environmental effects of mountain 
slopes are ravines and ridges, extending from low to high elevation 
and providing great additional ccanplexity which slope and altitude 
alone do not afford. Narrow ravines create a more mesic environ­
ment because of cold air drainage and protection from direct solar 
radiation and wind dessication resulting in a more favorable water-
balance than normal at a given altitude. Similarly, ridges have a 
more xeric environment than average for a given altitude by having 
the converse of those environmental factors represented in ravines. 
In the more mesic ravines there is a downward wedge-shaped ex­
tension of the higher altitudinal vegetation zone into its contig­
uous lower vegetation zone. In contrast, on the more xeric ridges 
17 
there is an upward extension of the lower altitudinal vegetation 
zone into the adjacent upper vegetation zone. Since two or more 
contiguous plant cominunities can extend into the vegetation zone of 
the other along ravines and ridges, an interflngering of conunanities 
commonly occurs throughout the Rocky Mountains. This is especially 
pronounced in the intermediate elevations of the forested zones. 
Throughout Pattee Canyon the mountain slopes consist of seem­
ingly endless variability in exposure and inclination. The great­
est topographic variability generally exists between ̂ ,000 and 
4,500 feet. Within this elevational range the topographic inclin­
ation varies from 5 degrees to as much as 50 degrees. Superimposed 
upon the exposure and inclination are the minor topographic fea­
tures such as small ravines and swales. Numerous exposures also 
are present between ^•,500 and 5t000 feet. The average degree of in­
clination gradually becomes steeper as the elevation increases. 
Prominent ravines and ridges also exist throughout Pattee Canyon. 
Topographic features such as slope exposure, slope inclination, 
swales, ravines and ridges, constitute a ccanplex and important set 
of factors. Numerous combinations of these features resxilt in a 
great variability of habitats forming a complex patternization of 
forest communities in Pattee Canyon. 
Soili Two important soil studies by Cox (1957) and Nimlos 
(1963) in western Montana described the altitudinal sequence of 
soils as they correspond to the grassland zone, the forested zones, 
and the alpine zone. Climate and vegetation, occurring as altitud-
18 
inal zones in the Rocky Mountains of western Montana, are basically 
a result of the physiography and mountain meteorology. Soil groups, 
formed by the interaction of climate and vegetation, develop into 
broad predictable patterns (Nimlos 1963). He stated that the al-
titudinal gradient of soils from low to high elevations is gener­
ally a function of elevation; more specifically, the available 
soil moisture, usually correlated with elevation in the Rockies, 
is the determining factor. In western Montana, the altitudinal 
gradient of the zonal great soil groups from low to high eleva­
tions is Chestnut, Chernozem, Gray Wooded, Brown Podzolic and 
Alpine Turf great soil groups. 
There are about 13 million acres of forested land in western 
Montana (Anonymous 1957). Nimlos (1963) stated there are two great 
soil groups within this forested zone, the Gray Wooded occurring on 
about nine million acres and the Brown Podzolic, of higher eleva­
tions, covering about three million acres. 
The Gray Wooded soils occur on the drier forest zones gener­
ally between 3,500 and 4,500 feet elevation, which in Montana 
coincide with the Ponderosa pine and Douglas-fir zones. The mean 
annual precipitation ranges from 15-20 inches and the mean annual 
temperature from 42-47 degrees Fahrenheit (Nimlos 1963). He wrote 
that the overstory consists of Pinus ponderosa^ Pseudotsuga 
menzjesii var. glauca, Larix occidentalis and Pinus contorta; the 
understory shrubs are mainly Amelanchier alnjfolia and Physocarpus. 
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malvaceus; the grasses are characterized by Calamagrostis rubes-
cens, Festuca idahoensis and Agropyron spicatum. 
The Brown Podzolic soil group can develop at elevations be­
tween ̂ 5000 to 7J000 feet in western Montana. This soil group,, 
occupying the wetter forest habitats and corresponding to Dauben-
mire's Spruce-Fir zone, receives over 25 inches of precipitation 
annually with the maximum precipitation probably reaching 100 in­
ches 5 the average yearly air temperature is from 30 to 50 degrees 
Fahrenheit (Nimlos I963). He stated the overstory consists of a 
wide variety of species including Pseudotsuga menziesii var, glaucag 
Larix occidentalis, Pinus monticola, Abies grandis, Pinus contorta, 
Picea engelmannii, and Abies lasiocarpa; the dominant understory 
is characterized by Linnaea borealis var. americana, Pachistima 
myrsinites, Xerophyllxim tenax, and Vaccinium spp. 
In Pattee Canyon the Gray Wooded soil group occupies nearly 
all of the area studied. The Brown Podzolic soil group occurs on 
the west exposures at 5»000 feet elevation and above and also on 
the north exposures at 5sl00 feet; this soil group, however, was 
not evident at 5#000 feet elevation on the south or east exposures. 
Climate; Western Montana's climate is strongly influenced by 
two factors, the Pacific Ocean and the Continental Divide. The 
climate west of the Divide might be called "a modified north Pacific 
coast type" (Dightman I96O). The westward winds, bringing in mois­
ture from the Pacific Ocean, especially those along the well devel­
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oped northern storm tracks generally coinciding with the Canadian-
United States border, lose much of their influence on crossing the 
Coastal and Cascade Mountainss nevertheless, these westerlies are 
responsible for extending the Pacific coast weather far inland to 
the northern Rockies resulting in a climatic peninsula similar to 
the climate occurring along the west slope of the north Cascade 
Mountains o Most of the moisture of the westerlies is lost on their 
rise up the west slope of the Rockies; consequently, the air masses 
descending down the east slope receive a drop in relative humidity 
causing a rain shadow on the east slope. In winter, the Continental 
Divide acts as a barrier which shields western Montana from most of 
the cold Arctic air masses that move down the continent into eastern 
Montana from the Arctic« 
Missoula's climate is strongly affected by two mountain 
ranges, the Continental Divide located 60 to 80 miles to the east 
and the Bitterroot Range lying about 20 miles to the southwest. In 
spring and summer the prevailing flow of air over Missoula is from 
the southwest and the west. As the air passes over the Bitterroot 
Range, much of the moisture falls on the western slopes of these 
mountains? consequently, Missoula receives an average annual rain­
fall of between 12 and 15 inches« The average annual rainfall for 
Missoula between 1931 and 1966 is 13o81 inches resulting in a semi-
arid climate (Connor 1966)o The spring months are generally cool 
and somewhat damp as shower activity may occur frequently throughout 
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May and Junes each month receives about 2 inches, accounting for 
the heaviest rainfall period of the year. The siammer months are 
dry with moderate temperatures. July and August are the warmest 
months with temperatures rarely exceeding 90 degreeso In winter„ 
the Continental Divide usually protects the Missoula area; never­
theless, one or two Arctic cold waves a year penetrate west of the 
Continental Divide causing the Missoula area to experience severe 
winter conditions, 
Temperature inversion, a pronounced phenomenon in Missoula, 
occurs when dense cold air masses slide down the mountain slopes at 
night and move under less dense warm air masses on the valley floor, 
resialting in a warm air horizon poised between two layers of cold 
air, one on the valley floor and the other above the warm air belt. 
If this inversion does not occur, the air temperature normally be­
comes cooler with increasing elevations consequently, the tempera­
ture gradient in the Rocky Mountains averages about 3 degrees Fahr­
enheit per 1,000 feet of altitude (Daubenmire 19^3)• An elevational 
increase also results in an increase in precipitations the precip­
itation at a given altitude, however, can differ due to a number 
of important factors! slope exposure and slope inclination, valley 
shape, location of nearby mountain masses, and the overall magnitude 
of the mountain range. 
Although the Missoula area has adequate weather recordings, 
there are no weather data available for the study area located at 
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an elevation of ^^,000 to ̂ ,000 feet in Pattee Canyon. The nearest 
weathers station, located at the Missoula Cotinty Airport in 
Missoula, is at an elevation of 3»190 feet. The average monthly 
precipitation and temperature are given on Table 1 and Table 2 
respectively for the years 1931 to I966 and provide the best 
available weather data for Pattee Canyon. 
Floristics{ During the Pleistocene Age, the continental ice 
sheet moved southward from Canada into Montana, and in many of the 
high moTintain ranges small glaciers developed. Upon the retreat of 
the continental and motmtain glaciers, subsequent plant invasion 
into Montana occurred from many directions. The primary plant 
migration was from the Pacific coast but other migrations also 
occurred from the eastern United States, the northern boreal forest 
in Canada, and the southern Rocky Mountains or the Great Basin 
(Kirkwood 1922), Along with the multidirectional migration of 
plants into Montana, a number of plant species can be considered 
indigenous to the northern Rockies since the Pleistocene Age, but 
it is often diffictilt or impossible to determine if a species is 
indigenous or immigrant. This conspicuousness of the Pacific coast 
species in the forest flora is closely correlated with the clima­
tology of the two areas. As the northern stonii track extends the 
Pacific coast climate inland, it forms a climatic peninsula within 
Washington, northern Idaho and western Montana. This consequently 
results in a peninsular extension of the Pacific coast flora into 
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western Montana» Other factors favoring th® Pacific coast flora 
are greater topographic variability of the western slope of the 
Divide5 closer proximity to the Cascades as compared to the eastern 
United States therefore requiring a shorter migration time, and 
winged seeds of many species for wind dispersal (Kirkwood 1922). 
Some of the plants endemic to the path of the northern storm 
track and pertinent to the area studied by this writer are Calama-
grostis rubescens and Physocarpus malvaceus in the Ponderosa pine 
zone, and Abies grandis and Larix occidentalis in the Douglas-fir 
zone. The species of west coast affinity are mainly confined to 
the area west of the Continental Divide. 
In general the Continental Divide, being flanked by high par­
allel ridges on both sides, is the primary barrier between the 
western and eastern floras although numerous species have crossed 
it from both directions» In addition to the western and eastern 
floral elements, flora of western Montana is derived from very 
diverse origins which are thoroughly discussed in detail by 
Kirkwood (1922). 
METHODS AND PROCEDURES 
Field Methods; 
This phytosociological investigation was condncted during June:, 
July, August and September of I966, with additional field work dur­
ing July of 1967. During the course of this research, a wide vari­
ety of habitats and forest comraunities including young, interme.-'• 
diate and old-age stands were sought out and sampled. Fifty-seven 
communities were sampled in detail in I966; six more were added in 
July, 1967 making a total of 63 forest communities. 
The forest communities sampled are referred to as sites or 
stands? the two terms will be considered synonymous. A stand has 
been defined by Greig-Smith (1964; p. 134) as "any area the vege­
tation of which has been treated as a tmit for purposes of descrip­
tion," Before any site was sampled fotir criteria had to be mets 
(1) the site had to be at least five to ten acres in size and con­
sist of coniferous trees; (2) overstory homogeneity, a concept 
impljring xmiformity of species, age and distribution in a uniform 
habitat was closely followed; (3) sites disturbed by selective 
thinning were avoided; and (4) factors, such as exposure, degree 
of inclination, elevation, and minor relief features were to be gen­
erally uniform throughout each commtmity selected. 
During the stand sampling the following site factors were 
measured and described on field data sheets. The elevation for 
each site was recorded and the stands selected were generally con-
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fined between ̂ ,000 and 5s000 feet although a few sites ranged 
somewhat above and below these limitso Site exposiore, determined 
by compass direction, was primarily confined to the cardinal direc­
tions of norths south, east and west^ although a number of sites 
corresponding to the intermediate compass directions were also sam­
pled « Two topographic factors were noted for each of the sites s 
the degree of inclination was estimated, and minor relief features 
such as swales and small ravines were described. The natural and 
man-made disturbances recorded were fire and cutting, but sites 
having selective thinning were avoided. 
In addition to measuring the physical factors and disturbances, 
soil samples were collected from a majority of the sites. Quart 
sized plastic bags were filled with soil from the A2 layer and Bt 
layer in the Gray Wooded solli likewise, a soil sample of the Bir 
and B't layers was taken from the Brown Podzolic soil. Within each 
site the soil was sampled from at least four different points and 
then taken to the ecology laboratory for further preparation before 
being sent to the soils testing laboratory at Madison, Wisconsin, 
The qtmrter method was used for sampling the trees and saplings 
(Curtis and Cottam 1956)» A total of twenty points were sampled in 
each stand? the first point was selected randomly and other points 
were positioned every twenty paces along a predetermined compass 
line. The points were usually placed on two parallel lines of ten 
points each? occasionally, however, three or four parallel lines 
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were selected to adjust to a particular site. The area around each 
point was dived into four quadrants. In each quadrant the tree 
species nearest the point was identified, its distance to the point 
was measured, and its diameter at breast height (d.b.h.) was deter-^ 
mined. For the saplings, only the species and the distance to the 
point were recorded. Trees and saplings were differentiated by 
d,b.h,; trees were defined as individuals having a d.b.h. of four 
inches or larger, and saplings between one to four inches d.b,h. 
Only the species with tree potential were selected as saplings. 
The quadrat method was used for sampling the shrubs, herbs and 
tree seedlings. A one meter square quadrat was employed at each 
point and the presence of each vascular species occurring within it 
was recorded. Unidentifiable plants from the quadrats were collect­
ed, pressed and dried for later determination. 
Laboratory Treatment of Data; 
Soil; The soil samples were taken to the ecology laboratory, 
air dried and sieved through a 2 mm screen. The soil samples were 
sent to the University of Wisconsin Soils Testing Laboratory for 
the analysis of pH, calcium, magnesium, phosphorus, potassium, 
nitrate and ammonia. The following analysis procedures were used 
(R, A, Wiese, Personal Communication); 
1, Calcium and magnesium were extracted with IN NH OAc and deter­
mined flame photometrically using the Coleman Model 21, 
2, Phosphorus and potassium were both extracted with Bray P^ solu­
tion, Phosphorus was determined colorimetrically using ammonium 
molybdate to develop color. Potassium was determined by flame 
photometric procedures. 
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3. Nitrate was extracted with water and determined semi-
quantitatively with the visual brucine-yellow color. 
4. Ammonia was extracted with 0.3N HCl and determined semi-
quant i tat ively using visual color developed with Nessler's 
reagent. 
Vegetation: Information from the field data sheets for the 
trees, saplings and shrubs was transcribed onto post-index forms 
adapted for forest communities in Montana, The tree diameters were 
converted to basal area values (square inches) by using the conver­
sion table of Curtis and Cottam (1962). Relative values of fre­
quency, density and dominance were calculated and totaled to give 
the importance value for each tree species in each stand. Similar­
ly, sapling relative frequency and relative density were determined 
and totaled to give the importance value for each species. Distance 
calculated for the trees and saplings, were used in the computation 
of tree and sapling densities. Dominance per acre figures were 
also determined for each tree species and totaled for each stand. 
The quadrat data for the understory plants were converted into 
percentage frequency. The tree, sapling, understory and soil lab­
oratory data were summarized on post-^index sheets and were used to 
develop an ordination of forest communities. 
Ordination: The basic analysis of the 63 communities employed 
a stand ordination method using the Index of Similarity, as des­
cribed by Bray and Curtis (1957) and Beals (1960). In the Index, 
57 quantitative characteristics were used to compare the stands; 
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these characteristics are the relative frequency, density and dom­
inance of the tree species, the relative frequency and density of 
the tree saplings, and the quadrat frequency of the shrubs and 
understory plants. 
After the stands were compared, a two-dimensional ordination 
was constructed to assist in the interpretation of community and 
environmental interrelationships. By ordering the stands along var­
ious axes, the ordination provides a spatial distribution of sites 
with the compositionally similar stands closest together . The 
spatial arrangement of the stands is a resultant of the degree of 
similarity among the stands based on numerous phytosociological 
characters. Only two axes were used; a third axis was attempted 
but proved to be imnecessary in this analysis. 
Within this ordinational framework the behavior patterns of 
individual species were plotted and subjected to interpretation. 
This was done by taking the absolute value of each qtiantitative 
characteristic of a species for each site and converting these val­
ues into quartiles as described by Bray and Curtis (1957)o In this 
method, the quartiles were determined by taking the highest absolute 
value attained by a species and dividing it by foxir. These quar­
tiles are represented by four different sizes of circles? the 
enclosed circle corresponds with the lowest quartile percentage and 
the progressively larger circles correspond with the respectively 
larger qiiartile percentages. 
RESULTS AND DISCUSSION 
The vegetative cover in the Pattee Canyon and Deer Creek areas 
is composed mostly of forest cajminitiesi, although on certain slopes 
and exposures grassland and savanna comsmnities also occur inter­
mixed o The grasslands and ponderosa pine savannas are generally re­
stricted to south and southwest facing slopes^ but may occur at 
elevations nearly as high as 6,000 feet on such exposures. Con­
versely, low elevation extensions of the Picea-Abies forest zone 
commonly extend downward to elevations below ̂ ,500 feet in the 
north facing ravines of this areao Thus the general aspect of the 
vegetation in this area is that of a mosaic of plant community 
types, although there is little question that the Pseudotsuga for­
est communities occupy the greatest portion of the landscape. 
Cursory examination of the Pattee Canyon and Deer Creek areas 
quickly reveals that a major portion of the area capable of sup­
porting Douglas-fir coomunity types is presently covered with 
young, developing stands that have been cut and/or burned in the 
recent past. In the forest ccaimrunities selected for detailed sam­
pling, it was not tincommon for the majority of the trees encoimtered 
to be less than 10 inches dob»h. It was with considerable effort 
that a few forest communities than might be considered old-aged and 
climax were found in these drainages. These few were discovered at 
elevations well above 5»000 feet, in areas some distance from the 
nearest logging roads. A long history of forest fire disturbance,, 
29 
30 
together with persistant logging activities since the turn of the 
century have not allowed development and continuation of climax 
forest cc®iDiTmities on anything bat a small scale. In this feature 
the Missoula forest communities are similar to much of the western 
Montana region. Thus an analysis of the Pattee Canyon-Deer Creek 
forest commmities really results in a quantitative description 
of a series of serai communities that reflect complicated past 
histories of fire and logging distxirbanceo It is a nearly certain 
possibility that no two forest communities in this area have had 
identical past histories. Logging in the Missoula area has been 
going on for many years, beginning in the late 1880's when it was a 
general practice to selectively remove only a low number of desir­
able individuals. Evidence exists that individual larch trees were 
removed with the use of horses in the upper Pattee Canyon areas. 
Such removal created little disturbance to the remaining species 
in the cut areas. In later years more mechanized methods removed 
a greater proportion of the areas logged} in addition to the 
cutting, logging roads penetrated into the areas cut. As both log­
ging methods and silvicultural practices advanced, the areas in­
fluenced were enlarged tremendously, and the type of disttirbance 
also changed. The idea of making a more ccaoiplete harvest of the 
trees occxirring within a logging area created different kinds of 
serai communities. Cutting, followed by site preparation for a new 
generation of trees (slash disposal, soil surface scarification, 
post-cut burning, etc,), with perhaps later management involving 
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thinning yotmg, developing stands, have all made their mrk on the 
communities in Pattee Canyon and Deer Creek, Areas that revealed 
evidence of selective thinning were generally omitted in this in­
vestigations although a few such stands have been included. 
The resulting ordination (Figo 2A) was examined closely to 
determine the types of species patterns and environmental relation­
ships that might exist in this series of ccpanunities. Figure 2B 
illustrates the ordering of site elevations within the ordination« 
Using 250 foot quartile intervals„ it can be seen that forest com­
munity composition in the Pattee Canyon-Deer Creek areas is not in­
fluenced by elevational differences to any great degree within the 
4,000 to 51)000 foot zone. Both upper and lower elevational sites 
are represented in the various portions of the ordination. 
When habitat exposures are plotted within the ordination, how­
ever, a rather definite relationship is revealed (Fig. 2C). North 
facing exposures are nearly confined to the right-hand side of the 
ordination, and little overlap exists between north and south fac­
ing slopes. West and east facing stands occur at intermediate 
positions. Many of the areas of overlap seen on the ordination are 
actually exposures that are Intermediate between the four cardinal 
directions. Since the position of each stand within this ordin­
ation is based on qxiantitative features of the vegetation, it 
appears that significant compositional differences are brought 
about by factors related to site exposure. Although seasonal mois-
Figure 2, Abiotio Factors in the Ordination. 
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tiar© data were not collected in the 63 forest communities sampled„ 
it is likely that available soil moisture plays an important role 
in determining plant distributions in Pattee Canyon and Deer Creeko 
Although changes in elevation also bring about differences in sit® 
moisture and temperatures„ the elevational differences represented 
among the stands sampled do not appear to be as great an influence 
as site exposure itselfo Since the relationship between stand or­
dering and site exposure is not perfectly related, it is probable 
that some affect of elevation is involved as is the influence of 
other local micro-environmental factorso 
Vegetation Patterns s Qxiartiles of importance values for Pinus 
ponderosa„ Pseudotsuga menziesiic Larix occidentalis and Pinus con-
torta are presented in Figures 3 and ka In these diagrams it can 
be seen that a rather conspicuous correlation exists between the 
values recorded for these species and the ordering of the communi­
ties 0 Pinus ponderosa reaches its highest tree and sapling impor­
tance values in the communities on the left hand portion of the 
ordination^ coinciding generally with the most xeric sites sampled, 
Pseudotsuga menziesii attains its highest values among the central­
ly located communities„ and both Larix occidentalis and Pinus con-
torta appear to be generally restricted to the cooler north facing 
habitats occurring on the right hand side of the ordinationo This 
basic arrangement of tree data within the ordination provides fur­
ther evidence that a xeric to mesic moisture gradient is being 
dealt with in this analysiso It can be seen in Figxires 3 and ̂  
Figure 3« Tree Importance Values (I.V.) 
The four different sized circles represent the four different 
frequency classes explained on page 28, All tree quartilo 
circles are based on a potential I.V. of 300« 
• 1-75 I.V. 
o 76-150 I.V. 
O 151-225 I.V. 
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Figure 4. Sapling Importance Values (I.V.) 
The four different sized circles represent the four different 
frequency classes explained on page 28. All sapling quartile 
circles are based on a potential I.V. of 200. 
• 1-50 I.V. 
O 51-100 I.V. 
O 101-150 I.V. 
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that each species displays a certain degree of optimum development 
in a portion of this ordination and then shows decreasing values at 
greater distances from these centers of optimum developmento If 
the ordination patterns for each tree species were superimposed 
upon one another it would be seen that considerable overlap existsc 
even though each species records its highest values in distinct 
portions of the xeric to mesic moisture gradient» 
The ordinational arrangement displayed in these figures does 
not in any way reveal the successional relationships among the 63 
communities even though pioneers serai and climax comm'unities are 
included in the stand analysis» This is because communities of 
young5 intermediate and old-age on a given exposure are camposi-
tionally more similar than are two communities of similar age on 
different exposureso Since the ordering of the communities is 
based on stand compositional featureso and the compositionj in 
ttirn, is more significantly influenced by site features rather than 
by other factors,, a successional gradient is not revealed. Since a 
vast majority of the forest communities included in this analysis 
are relatively young j the ordinational data actually reveal the 
rather great compositional variability that does occur among these 
communities that are recovering from the major past disturbances 
of fire and loggingo 
By a close examination of the stand data^ the ordinational 
arrangements 0 and the stands themselves on repeated occasions„ a 
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detailed understanding of the ecological behavior of each of the 
major tree species is CTirrently available» Plnus ponderosa does 
attain its highest importance values on sites that are rather dryj 
where competition from Pseudotsuga menziesii is negligible or ab­
sent „ It is true that on the warm„ dry south facing exposures in 
Pattee Canyon and Deer Creek„ ponderosa pine can develop climax 
coinmtmitieso Some of these pine climax communities are generally 
rather open with well developed grassland understories« Finally as 
the habitat becomes more moist the ponderosa pine becomes more 
dense forming a climax forest on the most xeric forest sites in the 
canyon. The xeric conditions and the maintenance of open canopies 
in many of these communities precludes the possibility of Douglas-
fir completely replacing ponderosa pine. With a slight improvement 
in soil moisture conditions some invasion of ponderosa pine domin­
ated communities by Douglas-=fir can be expected^ At this point 
ponderosa pine and Douglas-fir are co-climax with pine behaving as 
the major climax and Douglas-fir as the minor climax species. Here 
the increase in the moisture and the presence of the ponderosa pine 
probably modifies the site towaixis a meso-xeric habitat allowing 
Douglas-fir to became a minor climax species. The Douglas-fir may 
even owe its continuance to the presence of the pine on such meso-
xeric sites. 
Although there were no measurements of seasonal moisture as 
mentioned earlier, the comraunity ordination reflects a moisture 
gradient from the most xeric forest communities on the left-hand 
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side of the ordination to more mesic forest coramonities on the 
righto This moisture gradient interpretation is based upon the 
acceptance of certain plant species as jjidicators of environmental 
conditions and also upon recent literature which reflects the be­
havior of the principal forest trees as correlated with moisture. 
Daubenmire (I966) correlated the dominant tree species of the north­
ern Rocky Mountains with a moistiire-elevation gradient. Here Pinus 
ponderosa occupies the most xeric forest sites? Pseudotsuga men-
ziesiic Larix occidentalis and Pinus contorta occupy the progress­
ively more mesic sites. Goodall's (195^) statement reflects the 
use of vegetation as a reliable indicator of the total environments 
"There is much to be said for the view that the complexes of en­
vironmental factors determining plant distribution can be indicated 
and measured better indirectlyj through the plants themselves, than 
by direct physical measurements." Therefore the moisture gradient 
synthesized in the ordination is based not upon direct physical 
measurement of moisture but is based upon plants as indicators of 
environmental conditions. The moisture gradient synthesized in the 
ordination correlates Pinus ponderosa with the most xeric forest 
sites and Pinus contorta with the most mesic forest sites. 
Thus the moisture gradient sjmthesized in the comraunity ordin­
ation reflects a gradual increase in soil moisture from left to 
right as has been pointed out. As habitats become more mesic, the 
proportion of pine to fir changes with the fir becoiaing increasing­
ly more important in the forest commxinity. It appears that xmder 
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certain moisture conditions both ponderosa pine and Douglas-fir can 
develop co-dominated climax commxinities, with both species success­
fully reproducing themselves» These co-climax cominunities can con­
sist of various proportions of these two species, Pinus ponderosa 
displays an inability to retain sole dominance on sites with north, 
east and west facing exposures, as well as some south facing habi­
tats . Although Pinus ponderosa may often attain early dominance 
following disturbance, it is eventually either joined or replaced 
by Pseudotsuga. 
A point is reached on the moisture gradient where the ponder­
osa pine is competitively inferior to the Douglas-fir. This point 
is reached where the Douglas-fir density reduces the light reaching 
the forest floor below that necessary for the survival of the pine 
seedlings and saplings. This critical point was not measured in 
this investigation, Ponderosa pine then shifts from a co-climax 
species to a nmjor serai species. In this sitTiation pine forms a 
subclimax forest stand with a sapling understory of predominately 
Douglas-fir. At this point the fir probably requires a generation 
of pine functioning as a "nurse crop" before it is able to estab­
lish itself as the dominant tree on that site. The pine once es­
tablished on a site may remain in the upper canopy for many years 
as it is a long-lived species. Thus Pinus ponderosa gradually 
shifts from a climax species where it occurs singly or with various 
amounts of Pseudotsuga menziesii,, to a serai species on sites with 
increasing amounts of moisttire and cooler temperatures. This 
0̂ 
transformation needs to be viewed as a gradual change rather than 
abrupt0 Although one can observe changes in pine behavior due to 
very rapid environmental changes in specific portions of the Pattee 
Canyon-Deer Creek area, the gradient synthesized in this analysis 
indicates that pine shifts from a climax species to a serai species 
rather graduallyo With further increases in habitat moisture, pine 
behaves primarily as a minor serai species mainly on the north fac­
ing slopes while larch and lodgepole pine, being more canpetitive 
on a more mesic habitat5 function as the major serai species» 
Larix occidentalis appears to function only in the capacity of 
a serai species„ although it is long-lived and often pers3|(ts in 
old-aged Douglas-fir climax ccranminities. Western larch is nearly 
exclusively restricted to north facing expostires in the Pattee 
Canyon-Deer Creek areaf rare instances of its occurrence in upper 
ravines on a few east and west exposures were encountered however. 
There exist only a few examples of old-aged western larch in the 
study areao Extensive searching revealed many instances where this 
species was selectively cut frcan old-aged Douglas-fir forests. 
Larch of young to intermediate age (50 to 100 years) does dominate 
large portions of the upper Pattee Canyon area on north facing 
slopes 8 a great many of the larch in these stands are of small 
dimensions0 with sapling populations very prominent., Pure stands 
of western larch5 however„ are xmcommon although it can form a long 
lasting subclimax following repeated burning0 Generally following 
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fire or other disturbance western larch can beccme established, 
however it often becomes established jointly with Pseudotsuga men-
ziesiio Although ravines supporting Picea-Abies communities were 
not included in the study, it should be noted that Larix occiden-
talis does commonly occxir with Picea engelmannii and Abies lasio-
carpa on such sites and displays individuals of large size on these 
sites 0 Some of the upper, north facing ravines in Pattee Canyon 
have not as yet been subjected to cutting, and it may be that the 
ravine habitat has afforded some protection from recent fires as 
well. 
This generalized pattern of forest tree distribution is altered 
in the Mount Dean Stone area due to topographic differences. Here 
the western extension of the north facing canyon slope opens up at 
the lower end of Pattee Canyon and the cool~moist "canyon-effect" 
is lost, causing the north facing slope to become rather xeric. As 
a consequence, Larix occidentalis is reduced in abundance, and Pinus 
ponderosa becomes more common here than it does on north slopes 
elsewhere in the canyon. This phencanenon creates an irregularity 
in the overall distributional patterns as described up to this 
point, 
Pinus contorta, which may function as a serai species in the 
upper parts of the Douglas-fir zone in western Montana, usually 
occurs only in small amounts on certain upper north facing expo­
sures in the Pattee Canyon-Deer Creek area although it can behave 
as a co-seral species with larch on the very young jiioneer forest 
sites0 It is also encountered in disturbed portions of Picea-Abies 
ravine communitieso ILodgepole pine becomes increasingly more 
abundant at elevations above 58 500-6,000 feet where climax commun­
ities of Abies lasiocarpa and Picea engelmannii may be expected to 
develop. In such areas, lodgepole pine and Douglas-fir can 
function as major serai species, 
Pseudotsuga menaiesii, the last of the fovir major tree species 
to be mentioned in this section^ functions as a climax species 
throughout the Pattee Canyon-Deer Creek forested areas. The dis­
tributional patterns for Douglas-fir in Figures 3 and ^4- reveal its 
rather ubiquitous occurrence in the stands studied. This species 
reaches its highest importance values in the central portion of the 
ordination, although theoretically it can or will attain high im­
portance values in all of the stands currently dominated by western 
larch and many of those now dominated by ponderosa pine. With the 
exception of certain xeric exposures where ponderosa pine is likely 
to maintain a share of the stand dominance, it can be predicted 
that Douglas-fir, in the absence of disttirbance, will achieve stand 
dominance on most west, east and north exposures. There exist ex­
amples where Pseudotsuga displays stand dominance on all slope ex­
posures. These currently include both young and old-aged stands. 
Pseudotsuga menziesii displays an ability to successftilly occupy a 
wide range of sitess it is highly probable that even if the entire 
Pattee Canyon-Deer Creek area was now vegetated with climax Douglas-
3̂ 
fir cOTmmnities, considerable compositional variation woiild still 
exist. There is little possibility that a single homogenous climax 
community type would develop uniformly on all of the slopes and ex­
posures» Although supporting evidence is lacking, it is likely that 
the Pseudotsuga population in the Missoula area possesses genotypic 
variation. Genetically distinct populations, or ecotypes, arranged 
along ecoclines would account for the rather wide range of habitats 
presently occupied by this species just within the Pattee Canyon-
Deer Creek area. Very likely the understory species, which will be 
discussed shortly, are much more sensitive to temperature and mois­
ture differences that accompany changes in slope and exposure. 
Although Pinus ponderosa and j Larix occidentalis have been 
described as major serai species in the Missoula area, it has been 
observed that forest regeneration in the Pattee Canyon-Deer Creek 
area can be initiated by direct re-invasion of Douglas-fir itself. 
As was mentioned earlier, the central portion of the ordination in­
cludes both young and old-aged stands dominated by Pseudotsuga. 
Some of the very young Douglas-fir forest communities are located 
very near the several old-aged Douglas-fir communities in the or­
dination, Since a considerable amount of the qxiantitative data 
used to constjruct the ordination came from the qxxadrat frequency 
data for understory species, it can be shown that the understory 
composition of young and old-aged Douglas-fir communities on com­
parable exposures are very similar. This means that the understory 
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compositions typical, say, of north facing stands is quickly estab­
lished following disturbance, and is essentially retained during 
further development of the stand. 
Due to the varied behavior of the above sited forest tree 
species in response to moistvire, a summary of their multiple roles 
in the forest community is in order. 
Pinus ponderosa fxmctions in the following five different 
roles as a forest tree as the moisture gradient shifts from a xeric 
to a mesic habitat: (1) a major climax species in pine savannahs 
as well as on a forest site, (2) climax co-dominant with Douglas-
fir as the two trees can vary in numerous proportions, (3) a minor 
climax species with Douglas-fir, since the ponderosa pin® is able 
to perpetuate itself only at a frequency, (4) a major serai 
species where ponderosa pine forms a subclimax forest stand, and 
(5) a minor serai species. 
Pseudotsuga menziesii f-unctions in the following three differ­
ent roles in the forests (1) a minor climax species with the 
ponderosa pine as a major climax, (2) co-cllmax dominant with 
ponderosa pine and (3) a climax dcminant; Douglas-fir can also 
behave as a pioneer species on its own climax site, 
Larix occidentalis behaves ustially as a major serai species 
with the potential of developing into a subclimax forestj it may 
form a subclimax on forest sites that are repeatedly burned, Pinus 
k5 
contorta behaves as a co-seral species with larch on some pioneer 
sites and then shifts to a minor serai role on the older age serai 
stands as the larch develops into a subclimax forest before being 
replaced by Douglas-fir. 
Shrubs i 
Generally, the ordination of the understory species can be 
considered to reflect the xeric to mesic moisture gradient dis­
cussed with the tree species. More specifically, the characteriz­
ation of shrub and herb behavior is correlated primarily with the 
exposure and elevation and to some extent with biological inter­
action, The shrubs displaying an ubiquitous distribution are 
Amelanchier alnifolia, Physocarpus malvaceus, Spiraea betulifolia, 
and Symphoricarpos albus, Rosa spp, has the next widest distribu­
tion of the shrubs whereas Rubus parviflorus and Vaccinium membran-
aceum are generally more restricted species. 
The higher quadrat frequencies for Amelanchier alnifolia 
(Fig, 5) generally occur on the meso-xeric forest sites of lower 
elevation on all exposTires and generally on the young forested 
stands composed predominately of Douglas-fir with variable amounts 
of ponderosa pine or ponderosa pine and larch. It has its lowest 
quadrat frequency on the xeric south and east facing slopes above 
feet, 
Physocarpus malvaceus (Fig, 5) has a widespread distribution 
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as it occurs on all exposures in the study area although it favors 
a more mesic habitat. This shrub's highest frequencies were re~ 
corded throughout the mesic west and north slopes and on the mesic 
sites of the lower east expostire. The lowest quadrat frequencies 
occur on the dry south exposure, 
Symphoricarpos albus (Fig. 5) has a broad distribution on all 
expostires although it favors the meso-xeric moisture regime of the 
low elevation habitats. Snowberry's highest quadrat frequencies 
occurred below 4,300 feet near Pattee Creek on the north and south 
exposures. The shrub had a wide distribution on the east and west 
exposure, Snowberry experienced a more limited distribution with 
low quadrat frequencies on the two moisture extremes, the xeric 
south habitats and the mesic higher elevations of the north exposure. 
Spiraea betulifolia (Fig, 5) quadrat frequency values increase 
with an increase in moisture. The shrub's ordination distribution 
generally follows the moisture gradient as the lowest quadrat fre­
quencies correspond with the xeric ponderosa pine forested sites, 
the intemediate quadrat frequencies correlate with the meso-xeric 
Douglas-fir sites, and finally the higher q-uadrat frequencies are 
represented on the most mesic sites dominated strongly by larch and 
lodgepole. The highest quadrat frequencies occurred on north slopes 
at elevations below 4,300 feet on generally young stands composed 
predominately of larch with some Douglas-fir and also above 4,700 
feet on the north slope on very young stands composed of predomin-
Figure 5» Behavior of Four Shrub Species 
The four different sized circles represent the four different 
frequency classes explained on page 28, 
The following values represent the highest quadrat frequency for each 
corresponding species upon which the four sizes of circles are basedo 
A. 65, highest quadrat frequency for A. alnifolia 
B. 70, highest quadrat frequency for P. malvaceus 
C. 90, highest quadrat frequency for S. albas 
D. 100, highest quadrat frequency for S. betxilifolia 
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ately larch or larch-lodgepole. Within these slopes and exposures 
the quadrat frequency probably varies according to the age of the 
stand, 
Rosa spp, (Fig. 6) does not have the widespread distribution 
displayed by the previous shrubs as it occupies only the most mesic 
sites on all exposures. On the south and east exposures it occurs 
below ̂ ,300 feet near Pattee Creek and Deer Creek where the habitat 
becomes more mesic, Rosa spp, also occurs on the more mesic west 
slope at all elevations although usually in the lower quartile 
ranges. The most ubiquitous distribution of Rosa spp. is on the 
moist and cool north facing slopes where it occurs from 3»720 to 
5,000 feet and usually in the higher quartile ranges. 
Rubus parviflorus (Fig. 6) is restricted to the cool, mesic, 
north exposure and usually above ̂ ,500 feet elevation with its high­
est quadrat frequencies occurring on the very young pioneer sites 
of lodgepole and larch. Rubus occurred very infrequently below 
this elevation and was not recorded on elevations above 5,380 feet 
in the climax Douglas-fir sites, 
Vaccinium membranaceum (Fig, 6) is restricted to the mesic 
habitats on the west and north facing slopes. Its broadest eleva-
tional occurrence was on the north slope as it ranged from 3,720 to 
6,000 feet although below 4,500 feet it usually occurred infre­
quently, Its highest quadrat frequencies occurred at an elevation 
of 5,000 feet and on the pioneer forest communities composed of 
Figure 6, Behavior of Three Shrub Species, 
The four different sized circles represent the four 
different frequency classes explained on page 28. 
The following values represent the highest quadrat frequency for each 








lodgepole pine and larch. 
Understory Species; 
The herbs also appear closely related to the moisture gradient. 
Some of the herbs seem to demonstrate a very restricted response to 
moisture favoring either very dry or rather moist habitats; others 
display a widespread distribution \inrestricted by moisture. 
The following herbs are restricted to the more xeric habitats, 
viz; Balsamorhiza sagittata (Fig, 7) occxars ubiquitously on the 
south facing exposures and over much of the east exposure with its 
highest frequency values occurring on the most xeric sites of these 
two exposures. Geranium viscosissiimam (Fig, 7) occurs primarily on 
the south slope and generally below ̂ ,600 feet, Lomatium dissectum 
(Fig, 7) occurs infrequently and only on the dry south and south­
west slopes and also on the most xeric east facing slopes. 
Achillea millefolim (Fig. 7) has an ubiquitous distribution 
although its highest quadrat frequencies occur on the most xeric 
sites of the east and south exposures. It is generally ubiquitous 
throughout all elevations and exposures; as the habitat becomes 
increasingly mesic the quadrat frequency of this herb is corres­
pondingly reduced. It occurs generally with low quadrat frequency 
on the north exposure and usually does not occur above 4,700 feet 
on the moister habitats of the north and west exposure. 
The three species having the most prolific and most ubiquitous 
Figure 7, Behavior of Fo\ir Understory Species, 
The four different sized circles represent the fotir different 
frequency classes explained on page 28. 
The following values represent the highest quadrat frequency for each 
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distribution on all exposures and elevations in the study area are 
Arnica cordifolia, Carex geyeri, and Fragaria virginiana (Fig. 8), 
High quadrat frequency values are recorded for these species on the 
most mesic as well as on the most xeric sites from 3»700 to 5»600 
feet on all exposures. 
The following three species also have an ubiquitous distribu­
tion but they occur on only half of the sampled sites: Allium 
cernuum (Fig. 9)t Campanula rottmdifolia (Fig. 9)f and Smilacina 
Stellata (Fig, 10). Generally these species are not abundant on 
either of the moisture extremes but occxir most frequently on the 
meso-xeric moisture habitats, 
Erythronium grandiflorum (Fig. 9) iias an ubiquitous distribu­
tion in the study area? the highest quadrat frequencies, however, 
are restricted to the most mesic habitats at all elevations and 
exposures although it is most prolific on the mesic north slope, 
Arctostaphylos uva-ursi (Fig. 9) has an ubiquitous distribution on 
all exposures but its highest frequencies also occur only on the 
more mesic sites and usually below ̂ ,500 feet elevation on all ex­
posures; it occurs infrequently on all exposures above 4,500 feet. 
The following species occur generally on the more mesic sites. 
Clematis columbiana (Fig. 10) occurs primarily on the north slope 
and also on the more mesic sites of the south and east slopes at 
lower elevations. Its highest frequencies occur below 4,250 feet 
Figure 80 Behavior of Three Understory Species. 
The foTir different sized circles represent the four 
different freqtiency classes esqslained on page 28, 
The following values represent the highest qtiadrat frequency for each 











Figure 9» Behavior of Four Understory Species. 
The four different sized circles represent the four 
different frequency classes explained on page 28, 
The following values represent the highest quadrat frequency for each 
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Figure 10» Behavior of Four Understory Species. 
The four different sized circles represent the four 
different frequency classes explained on page 28o 
The following values represent the highest quadrat frequency for each 
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on north facing slopes and particularly on sites containing a sig­
nificant proportion of western larch; it occurs infrequently above 
this elevation, Osmorhiza occidentalis (Figo 10) also occurs most 
frequently on the north exposure below 4j200 feet; with increasing 
elevation on the north slope it has a corresponding lower quadrat 
frequency and rarely occurs above ^,700 feet„ Osmorhiza occurs on 
other exposures but only on the generally more mesic sites with an 
infrequent extension into the more xeric habitats on the south and 
lower west exposures, Berberis repens (Fig. 10) and Thalictrum 
occidentale (Fig. 11) reach their highest frequency on the mesic 
north slope; the former is generally restricted to below 5tOOO 
feet on this slope with only an infrequent occurrence above this 
elevation whereas the latter occurs abundantly throughout the north 
slope including the climax Douglas-fir sites at 6,000 feet elevation. 
These two species also occupy the more mesic sites on the other ex­
posures although less frequently. 
The following two species have a very restricted distribution 
as to their moisture requirements as they are confined to the most 
mesic habitats, Linnaea borealis (Fig, 11) has a widespread dis­
tribution on the north exposure up to 5#000 feet elevation; it did 
not occur on the high elevation climax Douglas-fir sites at any 
exposure. Chlmaphila umbellata (Fig. 11) occurs on the most mesic 
sites throughout the north slopes with its highest frequencies 
above ^,700 feet elevation. 
Figure 11o Behavior of Three Understory Species, 
The fotir different sized circles represent the four 
different frequency classes explained on page 28, 
The following values represent the highest quadrat frequency for each 


















Characterization of Climax C ommunities; 
There are very few Pseudotsuga menziesii climax communities in 
the Pattee Canyon-Deer Creek area due to past fires and extensive 
logging operations. The old-aged communities which are available 
for study have been located at the higher elevations generally from 
5,000 to 6,000 feet. The Douglas-fir climax communities (sites 5^, 
58, 59f 60, 61, 62 and 63) are characterized on Table 6, Impor­
tance values have been applied to the trees and saplings while the 
seedlings, shrubs and herbs are characterized by quadrat frequencies. 
The age diameter classification is given for the trees along with 
the ntimber of trees/acre and saplings/acre. The elevation and ex­
posure for these communities is given on Table 3. 
Great Soil Groups; 
The predominant great soil group occurring in the Pattee Canyon 
area is the Grey Wooded which occupies most, but not all, of the 
forested sites sampled between 3i700 and 5»000 feet. Forest trees 
associated with this soil group are Pinus ponderosa, Larix occiden-
talia and Pseudotsuga menziesii. The Grey Wooded soil dominates 
the xeric forested sites on the south and the east facing expo­
sures at all elevations from ̂ ,000 feet to above 5»000 feetj it 
also occupies the mesic sites on the north and west below 5»000 
feet. Above 5i000 feet on the north and west facing exposures, 
however, the Brown Podzolic great soil group is prevalent! this 
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soil group did not occur at 5,000 feet on the warm xeric south or 
east slopes. The trees characterizing the Brown Podzolic soil 
group are Larix occidentalism Pseudotsuga menziesli, and Pinus 
contorta. Although ponderosa pine occurs extensively on the Grey 
Wooded soil as either a climax or a serai tree, it is conspicuously 
absent or rare on the Brown Podzolic soil where lodgepole pine 
occurs as a prolific serai species. The forested sites occupied 
by the Brown Podzolic include sites 54 and 55 (west slope) and 
sites 45, 46 and 47 (north slope). Sites 58 to 63 were vegeta-
tively analyzed a year later although no soil samples were taken; 
these sites presumably are occupied by the Brown Podzolic soil as 
they occur well above 5,000 feet and mostly on the north exposures. 
Results for the detailed soil analysis are presented in 
Table 5. Plotting these data within the two dimensional ordination 
did not reveal the existence of strong correlations between most of 
the nutrient levels and stand arrangement. The only exception in­
volved the occurrence of somewhat higher calcium contents and higher 
pH values for ponderosa pine-dominated communities on south-facing 
exposures in comparison to the soils of communities located on the 
cooler, more mesic north-facing exposures. Values for both upper 
and lower soil layers in regard to magnesium, phosphorus, potassium, 
nitrate and ammonia levels are highly variable on both xeric and 
mesic habitats in the Pattee Canyon area. Collectively the general 
range of values for all of the stands studied do differ markedly 
from similar measurements taken in Thuja plicata-Tsuga heter^hylla 
A 
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and Picea engelm&nnii-Abies lasiocarpa communities elsewhere in 
western Montana» In these latter commxmity types soil acidity is 
generally higher9 averaging between pH ^o5 - 5oO, and most cations 
are available in lower amounts than in many of the Pseudotsuga 
communities» 
SUMM/IRY 
The primary objective of this thesis is to describe the for­
ested vegetation occurring in the Pattee Canyon-Deer Creek area and 
to relate the forests to the various environmental factors which 
apparently are important in influencing the forest patternization. 
The behavior of trees, shrubs and herbs were studied in an attempt 
to interpret and describe the basic ecology of some species in the 
Douglas-fir zone between ̂ ,000 and ^,000 feet in this area as a 
beginning study for an effective forest management program. 
A two-dimensional ordination for 63 stands was constructed by 
using the tree and sapling importance values and the understory 
q\iadrat frequency values. Within the ordination, quartile values 
for the species were recorded at each site and used to interpret 
and explain species patternization and behavior. The species be­
havior was than correlated with the environmental factors-—exposure, 
elevation, degree of slope inclination and minor topographic 
features—which are seemingly important to their behavior. 
The ordering of the stands and the behavior of the species 
reflects their response to a moisture gradient which in turn is a 
reflection of the topography. Generally, topography is the most 
important factor affecting the forest community compositions more 
specifically, exposure is seemingly the most critical variable 
influencing the available moisture which in turn determines a 
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species distribution and behavior in this area. Elevation, to a 
lesser degree, also influences the community compositiono Other 
factors affecting the present forest composition in the study area 
are a long history of fire and also a more recent history of 
extensive logging, 
A generalized account of the successional trends emphasizing 
the behavior of the serai trees—Pinus ponderosa, Larix occiden­
tal is , and Pinus contorta—and the climax dominant, Pseudotsuga 
menziesii, is available from the present study. Also the behavior 
of the understory species was studied along a moisture gradient. 
Although forest succession could only be discussed generally, 
this study provides a basis for further research into the detailed 
successional analysis of the Douglas-fir zone. 
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6? 
Table 1. Average Monthly Precipitation for the Years 1931-1966, Missoula* 
Area Elevation Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec To^l^ 
Missoula 3I9O' 1.01 0.86 0.8? 1.03 1.79 2.00 0.9^ 0.86 1,22 I.05 1.0? 1.11 13.81 
Table 2. Average Monthly Temperature for the Years 1931-1966, Missoula* 
Area Elevation Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Annual 
Total 
Missoula 3190' 21.7 27.2 35.3 44.9 52.8 59.8 67.7 65.9 56.3 45.4 33.1 25.3 44.6 
• Taken from Connor, I966, 
Table 3. Stand Data. 
Stand Ho. Elevation Exposure 
1 W60' N 
2 W60» N 
3 4100« W 
4150' SW 
5 4230' NW 
6 39^0» NW 
7 4000' N 




10 4030' S 
11 4275' S 
12 4300' S 
13 4200' S 
14 44751 S 
15 4600' S 
16 4700' SE 
17 4250' E 
18 4275' W 
19 4150' W 
20 4550' NE 
21 W 
Degree of Slope Topography 
15 even 
15 swaley 
5-15 broad even ridge 
15-20 even 





















Table 3» (Continued) 
Stand No. Elevation Exposure Degree of Slope Topojsyaphy 
22 4150' S 15-20 even 
24 4150' E 20-25 even 
25 3900» SE 10 gentle roll 
26 4680' SE 15-20 even 
27 4750' S 25 even 
28 4580' SW 15 even 
29 4600' E 20-25 even 
30 4250' W 10 generally even to 
swaley and ravine 
31 4240' W 5 swaley 
32 3760' N 25 even and ravine 
33 3720' N 5 even 
3i^ 3900' N 5 even 
35 4100' SW 10-20 even to 
slight roll 
36 4500' S 20 even 
37 5000' E 35 even 
38 4150' N 10 even to swaley 
39 4275' N 15 even to swaley 
^K) 4500' N 25 even 
ki 4800' N 25-30 even to slightly 
rollijig 
42 4700' NW 15-20 even to swaley 
43 4200' N 5 even 
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Table 3. (Continued) 
Stand No. Elevation Exposure Degree of Slope Topography 
4Zi. 4850' NW 30 even 
5050' N 25-30 even 
46 5050' NW 30-35 even 
47 5000« N 25-30 even to rolling 
48 4750' N 15 even 
49 4100' E 15 even 
50 4500' E 25-30 even 
51 4800' E 25 even 
52 5000' E 25 even 
53 4900' S 25-30 even 
54 5000' W 35 even 
55 5200' w 30 even 
56 4400' N 15 even to swaley 
57 4050' W 20 even 
58 5380' N 
59 6000' N 
60 5050' N 
61 5650' S 
62 5450' W 
63 5650' N 
64 3500' N 40-45 even 
Table List of Plants Found in the Pattee Canyon-Deer Creek Area 
Aceraceae 
Acer glabmm Torr, 
Berberidaceae 
Berberis repens Lindl, 
Campanulaceae 
Campanula rotxmdifolia L. 
Caprif oliaceae 
Linnaea borealis L. 
Sambucus coerulea Raf. 
Symphoricarpos albus (L.) Blake 
Garyophylla ceae 
Cerastium arvense L. 
Compositae 
Achillea millefolium L. 
Antennaria dimorpha (Nutt.) T. & G, 
Antennaria racemosa Hook, 
Antennaria rosea Greene 
Arnica cordifolia Hook, 
Aster chilensis Nees, 
Balsamorhiza sagittata (Pursh) Nutt. 
Cirsium arvense (L.) Scop, 
Cirsiiim vulgare (Savi) Airy-Shaw. 
Hieraciim albertinum Farr. 





Taraxacum officinale Weber 
Tragopogon dubius Scop. 
Cjrperaceae 
Carex geyeri Boott, 
Equisetaceae 
Bquisetum arvense L. 
Ericaceae 
Arctostaphylos uva-ursi (L.) Spreng. 
Vaccinium membranaceum Dougl. 
Geraniaceae 
Geranium viscosissimum Fish, and Key. 
Gramineae 
Agropyron smithii Rydb. 
Agrostis diegoensis Vasey 
Broraus piunpellicanus Scribn, 
Bromus tectorum L. 
Calamagrostis purpurescens R. Br. 
Calamagrostis rubescens Buckl, 
Danthonia intermedia Vasey, 
Elymus glaucus Buckl, 
Festuca idahoensis Elmer 
Festuca occidentalis Hook, 
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Table (Continued) 
Melica subulata (Griseb.) Scribn, 
Phleum pratense L. 
Poa pratensis L. 
Sitanion hystrix (Nutt.) J. G. Smith 
Stipa Columbiana Macoun, 
Trisetum canescens Buckl. 
Juncaceae 
Luzula multiflora (Retz.) Lejetme 
Luzula spicata (L.) DC. 
Labiatae 
Monarda fistulosa L. 
Leguminosae 
Astragalus sp, 
Lupinus sericeus Pursh 
Trifolium hybridiam L. 
Trifolium pratense L. 
Trifolium repens L. 
Vicia sp, 
Liliaceae 
Allitim cernuum Roth. 
Brodiaea douglasii S. Wats. 
Camassia quamash (Pursh) Green® 
Disporum trachycarp\aii (S. Wats.) B. & H. 
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Erythronium grandiClorvun Pursh, 
Smilacina racemosa (L.) Desf« 
Smilacina stellata (L.) Desf. 
Trilliiam ovattm Pursh 
Onagraceae 
Epilobium angustifolium L. 
Orchidaceae 
Calypso bulbosa (L, ) Oakes. 
Goodyera decipiens (Hook,) Ames 
Listera convallariodes (Sw.) Nutt. 
Pinaceae 
Abies lasiocarpa (Hook.) Nutt, 
Jtoniperus scopvilorum Sarg, 
Larijc occidentalis Nutt, 
Pinus contorta Dougl, var, latifolia Engel, 
Pinus ponderosa Dougl. 
Pseudotsuga menziesii (Mirb,) Franco 
Plantaginaceae 
Plantago patagonica Jaoq, 
Primulaceae 
Dodecatheon paueiflorum (Durand.) Greene 
Pyrolaceae 
Chimaphila umbellata L, 
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Pyrola virens Schweigg 
Pyrola secunda L. 
Ranunculaceae 
Clematis lingusticifolia Nutt. 
Thalictrum occidentale Gray 
Rhamnaceae 
Ceanothus velutinus Dougl, 
Rosaceae 
Amelanchier alnifolia Nutt.' 
Fragaria virginiana Duchesne 
Geum triflorum Pursh 
Physocarpus malvaceus (Greene) Kuntze 
Potentilla gracilis Dougl. ssp. Nuttallii (Lehm.) Keck, 
Prunus virginiana L. 
Rosa spp. 
Rubus parviflorus Nutt. 
Spiraea betulifolia Pall. 
Rubiaceae 
Galium boreale L. 
Saxifragaceae 
Heuchera cylindrica Dougl, 
Mitella stauropetala Piper, 





Collinsia parviflora Dougl. 
PedicTilaris braeteosa Benth. 
Pedicularis racemosa Dougl. 
Penstemon albertinus Greene 
Umbelliferae 
Lomatium dissectuiti (Nutt.) M, & C, 
Lomatium triternatum (Pursh) C. & R. 
Osmorhiza chilensis Hook, & Arn, 
Osmorhiza occidentalis (Nutt.) Torr. 
Valerianaceae 
Valeriana sitchensis Bong, 
Violaceae 
Viola sp. 
Table 5. Soil Analyses for Pattee Canyon Forest Ccannunities.* 
















A 5.^ 41 I85 3000 670 5 5 
B 5.6 17 130 1400 500 10 5 
A 5.3 65 175 2000 600 3 10 
B 5A 35 160 1700 500 10 10 
A 5.^ 58 175 2500 690 3 15 
B 5.3 10 85 1200 590 10 10 
A 5.6 35 260 2400 700 15 15 
B 5.5 31 150 1250 510 15 10 
A 6.1 84 300 4000 800 7 10 
B 5.3 225 1400 450 10 5 
A 5.5 190 225 3400 810 5 15 
B 5A 101 140 2400 740 5 5 
A 5.8 110 315 2500 720 10 10 
B 5.3 68 285 1200 570 15 10 
A 5.9 85 350 2800 700 20 5 
B 5.6 45 185 1200 400 20 3 
A 5.9 138 410 5500 900 20 15 
B 5.^ 115 375 1800 600 10 10 
A 6,1 110 350 2500 610 10 10 
B 6.0 35 250 1600 500 20 5 
A 6.1 109 500 7200 900 10 10 
B 6.2 40 485 3200 700 20 5 
A 6.0 82 375 5600 1000 7 15 
B 5.9 54 225 2200 700 5 10 
A 6.^ 100 375 4700 700 5 10 
B 6.8 40 340 2300 530 10 5 
A 6.2 97 500 6100 680 5 10 
B 6.2 10 320 1700 500 5 5 
A 6.1 30 500 3600 615 5 15 
B 6.4 16 475 2400 600 20 10 
A 5.6 103 500 3900 800 15 10 
B 5.9 51 495 2800 700 5 5 
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rizon PH P K Ca Mg NO3 NHi 
A 5.8 120 400 3600 800 3 15 
B 6.1 67 425 2200 700 5 5 
A 5.2 50 290 3800 830 3 10 
B 5.0 39 160 1101 500 5 10 
A 6.0 165 475 5400 1000 7 20 
B 5.6 140 325 1900 790 7 20 
A 5.9 140 450 2200 600 10 5 
B 6.1 80 265 1600 410 10 5 
A 5.5 69 375 375 800 3 100 
B 5.1 113 I85 1600 600 7 25 
A 5.7 100 465 4000 820 T 15 
B 5.8 70 495 2200 600 T 10 
A 6.if 142 500 3600 830 T 15 
B 5.2 31 150 3100 390 T 5 
A 5.5 33 330 190 640 T 10 
B 5.8 300 2400 680 T 5 
A 6.2 90 500 500 990 T 10 
B 5.9 61 500 3600 670 T 10 
A 6.1 96 500 7200 1400 5 20 
B 6.6 63 485 2700 880 10 5 
A 6.4 115 500 6400 900 3 15 
B 5.9 48 485 2900 600 5 10 
A 6.3 55 500 4600 810 4 10 
B 5.9 22 385 2000 560 5 5 
A 5.9 45 385 2800 650 4 15 
B 6.2 24 425 1400 410 10 10 
A 6.1 85 315 4300 730 5 15 
B 5.7 35 300 1300 410 10 10 
A 6.1 103 465 2900 610 3 10 
B 5.7 60 325 1500 500 5 5 
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rizon pH P K Ca Mg NO^ 
A 5.8 139 400 3000 700 3 5 
B 5.7 140 350 1800 600 5 5 
A 6.0 86 475 4800 900 3 10 
B 5.6 69 335 2700 850 3 5 
A 6.8 119 500 5400 1100 3 15 
B 6.2 64 500 2400 710 5 10 
A 6.3 94 450 4500 750 5 15 
B 6.1 61 350 1500 440 10 10 
A 6.1 69 285 4000 710 5 10 
B 5.7 65 260 1000 500 10 5 
A 5.5 80 315 2800 800 5 15 
B 5.3 112 335 1600 700 3 10 
A 5.8 56 275 2500 800 15 10 
B 4.8 21 150 600 410 20 5 
A 5.9 240 500 I65O 900 5 25 
B 5.8 41 225 1300 400 5 10 
A 6.0 120 500 600 810 3 40 
B 6.0 61 210 500 350 15 5 
A 5.8 250 500 1000 900 T 20 
B 5.4 21 225 000 400 5 5 
A 6.0 190 500 2200 810 3 15 
B 6.0 93 425 1600 700 5 10 
A 6.0 200 500 1300 800 3 20 
B 5.9 35 275 800 340 5 5 
A 5.8 22 225 500 530 T 20 
B 6.0 16 120 600 210 3 5 
A 5.9 35 425 800 600 3 15 
B 4.9 20 180 400 310 5 10 
A 5.9 110 385 400 710 3 30 
B 4.9 74 135 200 280 5 10 
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rizon PH P K Ca Mg NO^ NHi 
A 6.0 300 500 1800 820 3 25 
B 5.5 23 225 1300 350 5 10 
A 6.3 53 485 4600 730 10 25 
B 6.0 25 425 1900 500 7 5 
A 6.0 59 450 3200 710 5 10 
B 5.5 15 185 1700 630 5 5 
A 6.1 75 475 7300 1000 10 20 
B 6.0 90 500 1700 620 5 5 
A 6.2 65 325 4100 650 5 15 
B 5.7 61 335 2300 500 5 10 
A 6.6 91 485 5600 900 5 15 
B 6.6 61 475 1900 550 5 5 
A 6.5 200 500 6000 1010 3 15 
B * 6.1 108 425 3800 1000 5 15 
A 6.4 143 435 6000 1000 3 20 
B 6.0 102 425 3800 8i0 5 15 
A 6.2 72 375 4700 910 5 15 
B 6.2 70 425 2800 730 3 10 
A 5.9 96 500 2000 690 3 10 
B 6.2 195 500 3700 930 5 20 
• Amounts given are in pounds per acres see text for methods of 
analysis. 
T Indicates that only a trace was present in the NO^j colximn. 
Table 6. Old-Aged Douglas-fir Communities. 
Stand No. 60 5^ 62 61 58 59 • 53 
Species-Trees: Tree—Importance Values 
Pseudotsuga menziesii 232 223 252 274 280 300 300 
Pinus ponderosa 22 77 48 26 20 - -
Larix occidentalis 10 - - - - - -
Pinus contorta 31 - - - - - -
Abies lasiocarpa 5 - - - - - -
Tree Density (#/Acre) 308 213 207 278 436 388 395 
Tree Diameter Size 
Class Distribution 
4-10" d.b.h. 47 11 20 32 48 36 44 
11-20" d.b.h. 33 56 38 44 31 44 34 
21-30" d.b.h. - 13 18 4 1 - 2 
> 30" d.b.h. - - 4 - - - -
Sapling Species: Sapling—Importance Values 
Pseudotsuga menziesii 177 194 200 188 188 200 200 
Pinus ponderosa 6 6 - 12 6 - -
Larix occidentalis 11 - - - 6 - -
Pinus contorta 6 - - - - - -
Sapling Density (#/Acre) 243 49 90 149 78 87 258 
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Table 6. (Continued) 
Stand No. 60 54 62 61 58 59 63 
Shrub-Species; Shrub—Quadrat Frequencies 
Amelanchier alnifolia 10 10 - - - 20 
Physocarpus malvaceus 5 60 50 - 15 10 
Rosa spp. - 5 - - - -
Rubus parviflorus 15 - - - - -
Spiraea betulifolia 35 75 10 20 10 10 ko 
S3nnphoricarpos albus - 35 - 10 - -
Vaccinium membranaceum 55 - - - 20 -
Seedlingss Seedling—Quadrat Frequency 
Pseudotsuga menziesii 10 10 - 10 25 70 30 
Herb Species; Herb—Quadrat Frequency 
Achillaea millefolium - - 10 10 - -
Allium cernuum 5 10 10 - - -
Antennaria sp. 50 10 20 ko 70 30 ko 
Arnica cordifolia 85 5 70 100 85 70 90 
Balsamorhiza sagittata 10 - 30 - - - -
Berberis repens - 65 - 20 - - 10 
Calaraagrostis rubescens 90 - - - 100 - 100 
Carex geyeri - 20 - 100 - 60 -
Er3rbhronium grandiflorum 65 20 50 60 25 70 80 
Table 6. (Continued) 




Fragaria virginiana 55 60 60 40 60 30 20 
Goodyera repens 55 10 - - 25 - -
Heuchera cylindrica 10 - - - - 20 30 
Lomatixim simplex - - 10 - - 10 -
Lupinus sericeus 10 - 30 - 10 - -
Mitella stauropetala - ~ 10 - 10 -
Ositiorhiza occidental is - - 10 10 - - 10 
Penstemon albertimis - 5 20 30 - - 10 
Pyrola secxinda 15 - - - - 40 10 
Ribes lacustre - - - - - 10 -
Smilacina racemosa 5 - ko 40 10 - -
Thalictrum occidentalis 25 60 30 20 30 80 100 
Valeriana stichensis 25 20 50 50 10 
